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Summary 
      In the Koijen et al. (2017) paper, the authors extended the concept of the carry trade which is 
traditionally employed by the FX market traders to a much broader context. That is, by discussing 
the meaning of carry, the yield premium embedded in the security, and by calculating the carry 
through a future-based method, the authors invented a trading strategy based on the carry factor. In 
that paper, the carry strategies implicated among different markets all successfully generated 
unexplainable alphas. In the Beekhuizen et al. 2017 paper, they also discussed the carry strategy in 
the fixed income market and were not able to explain the alpha generated by the strategy either. In 
this paper, we employ the same research paradigm used in Longstaff et al. (2007), by which they 
successfully decomposed the abnormal return in the various fixed-income arbitrage strategies with 
a wide range of market factors. Similarly, we also employ the stock market factors, the treasury 
market factors and the default risk factors to decompose the abnormal return generated by the carry 
strategy applied in the treasury market. As a result, the return of the carry strategy is voluminously 
decomposed by the 5-year and 30-year treasury bonds, and the US AAA-rated corporate bond 
returns. That leads to the conclusion that despite the fact that investors employ the carry strategy to 
go after the return other than the movement of the yield curve, aka the price change of the securities, 
the risk structure of the return implies that the strategy generates revenue by assuming that the yield 
curve will flatter in the future. Moreover, since the treasury carry strategy is technically similar to 
a curve flattening trade, the risks are also identical. With the heavy short positions on the short 
maturity bonds and long positions on the long maturity bonds, the strategy is particularly sensitive 
to the 5-year and 30-year interest rates. Especially when the yield curve goes steepening, which is 
likely to happen in a growing economy, the strategy may face a significant challenge. On the other 
hand, although investors may think that investing in the treasury may be an excellent way to avoid 
the default risk, they do have exposure in the default risk, at least the investment grade level default 
risk. This may become a good sign to the investors that they should be careful on the movements of 
the corporate bond market even they de facto invest in the treasury market particularly when the 
economy is overheat and the term structure of the interest rate begins to rise. 
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1. Introduction 
      The history of humankind studying “risk” and “return” is so long that our memory can never 
reach. According to the Bernstein (1996), like Prometheus brought the fire to us mankind, 
Markowitz (1952), at the first time, use a mean-variance framework to analyze the investment 
activity. It was until then, the famous saying, “don’t put the eggs in the same basket” was proved 
mathematically. Later in the 1960s, inspired by Markowitz (1952), Treynor (1961), Sharpe (1964), 
John Lintner (1965), and Jan Mossin (1966) introduced the CAPM theory. It was the first time that 
people divided the risk into two parts: the systematic risk which can be eliminated by diversification 
and the idiosyncratic risk which is the origin of a security or a portfolio to earn a return higher than 
the market portfolio. Later on, it was Fama and French (1993) who took the torch, the torch from 
the Prometheus in the investment world, to research further on the investment. They found that β 
could not perfectly explain the stock return and thus invented the famous three-factor model. They 
decompose the stock return into the market return factor, the high-minus-low factor and the small-
minus-big factor. 
      Like people got hurt when first dealt with the fire, the practice of investment has always been 
accompanied by wounds and nightmares. In 1998, the famous asset management firm Long-Term 
Capital Management experienced a significant loss due to the Russia Crisis. Before the crisis, they 
had been generating a double-digit return for several years, which is almost impossible even now, 
twenty years later. It is commonly agreed that the fixed-income arbitrage strategies are free from 
systematic risks and are only exposed to the idiosyncratic risks. However, the Longstaff et al. (2006) 
paper rejects the latter view by decomposing the returns of various fixed-income arbitrage strategies 
with a wide range of market factors including stock market factors, treasury, and corporate market 
factors, etc. They conclude that the fixed-income arbitrage strategies are not immune from even the 
systematic risk, but rather they bear risk from the markets which haven’t been studied yet. 
      As the proverb cited in Taleb (2018), “Pathemata Mathemata”, which means learning through 
pain, goes, it is useful for us to study the risk and return characters on the various trading strategies 
so that we can learn that to what kind of risk do those strategies expose, and which seemingly 
unrelated markets will actually affect the return of those strategies. That “Pathemata Mathemata” 
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leads to our research on a strategy called “Carry”.  
      In the Koijen et al. (2017) paper, they discussed a new trading strategy called “Carry”, which 
trades based on the “Carry” factor. As they mentioned in the paper, they “apply the concept of carry, 
which has been studied almost exclusively in currency markets, to any asset.” A carry trade in 
currency markets is that investors borrow money from a low interest rate country and invest the 
money in the market where the interest rate is higher. If they invest in a risk-free asset, the strategy 
can also be described as selling the currency of a low interest rate country and buying the currency 
of a high interest rate country. In the Koijen et al. (2017) paper, they extended this concept. Firstly, 
they divided the return of any investment into two part, the expected return and the unexpected 
return. The latter is a result of market shock or other unpredictable effects which can be viewed as 
market noise. The former is made up of the expected price appreciation and, the carry which is the 
residual part of the price change. For example, the coupons in the fixed-income investments, and 
the dividends in the equity investments are all different types of carry. 
      After explaining the concept of the “Carry”, they define the “Carry” technically as the return on 
a futures position when the spot price stays constant over the holding period. Firstly, they show that 
when the futures are bought at time t and holed to time t+1, the excess return of the position is 
𝑟𝑡+1 =
(𝐹𝑡+1−𝐹𝑡)
𝑋𝑡
, where X_t is the amount of capital to finance each futures contract. Next, they 
assume that the spot price doesn’t change from time t to t+1: 𝑆𝑡+1 = 𝑆𝑡, and because the futures 
price expires at the future spot price: 𝐹𝑡+1 = 𝑆𝑡+1, the carry is therefore defined as 𝐶𝑡 =
(𝑆𝑡−𝐹𝑡)
𝑋𝑡
. In 
the case of bonds, this definition corresponds to the assumption that the price of a T-year bond stays 
constant over the holding period (for any T). In other words, the yield curve is fixed when they 
calculate carry.  
      After the carry factors are calculated, they construct portfolios to various asset classes including 
bonds, stocks, options, etc., by basically long the high carry securities and short the low carry 
securities within each asset class. The investment results are better than other strategies such as 
equal-weighted strategy. Moreover, they test some potential explanations for the carry return and 
find that the returns are not correlated with the downside, liquidity or volatility risks. At the end of 
 3 
 
their paper, they still cannot find factors which can largely explain the carry return.  
      The motivation of our study is to go one short step further from where Koijen et al. (2017) stops: 
by employing various factors which stand for different risks, we try to explain the “unexplainable” 
carry return in the Koijen et al. (2017) paper. Nevertheless, due to the time and database access 
constraints, we decide to study the carry strategy on only one asset class, the US treasury bonds, 
rather than a wide range of assets in their paper. 
      We first calculate the carry factors and the bond returns by using the fitted yield curve according 
to the Gurkaynak et al. (2006) paper. Accompanied by the paper, there is a database which contains 
the daily data of the fitted yield curves of US treasury bonds with the maturity from one year to 
thirty years. We construct the carry portfolio with 29 bonds whose maturities are ranged from 2 
years to 30 years. We exclude the 1-year treasury bond because the estimation method of the fitted 
yield curve doesn’t fit the curve well at the short maturity end. After obtaining the carry factor, we 
calculate the daily carry weights by following the literature of the Koijen et al. (2017) paper. On the 
other hand, we calculate the daily returns of each bond, which are also based on the database 
provided by Gurkaynak et al. (2006). We then calculate the daily return of the carry portfolio by 
means of multiplying the daily carry weights by the daily returns of the bonds. Due to the time 
constraints, we decided to conduct the research based on the monthly data from February 1991 to 
April 2018. In other words, the investment is rebalanced monthly. In the paper, we calculate the 
monthly returns by calculating the geometric mean of the daily returns. 
      After getting the monthly returns of the carry portfolio, we then try to explain the returns. There 
are various former researches on the topic of analyzing the return characters of the fixed-income 
securities and portfolios. Driessen et al. (2003) introduced a seven-factor PCA model which is 
basically an extension of the Litterman and Scheinkman (1993) under a global context. Cieslak and 
Povala (2015) decompose the US Treasury yields into inflation expectations and maturity-specific 
interest-rate cycles. Longstaff et al. (2006) give a useful paradigm of analyzing the return and risk 
character of a fixed-income portfolio. They “explore whether the excess returns generated by the 
strategies represent compensation for exposure to systematic market factors”. Before their study, it 
is commonly agreed that the fixed-income arbitrage strategies are free from systematic risks and are 
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only exposed to the idiosyncratic risks. Yet, the Longstaff et al. (2006) paper rejects the latter view 
by decomposing the returns of various fixed-income arbitrage strategies with a wide range of market 
factors including stock market factors, treasury, and corporate market factors, etc. In this paper, we 
follow the literature of the Longstaff et al. (2006) paper and employ different market factors to 
explain the returns of our carry portfolio.  
      Regarding the factor picking, after Longstaff et al. (2006), there are also other studies on the 
different factors related to the fixed-income portfolio. For example, in terms of the market 
integration, Ilmanen (1995) states that expected excess bond returns are highly correlated across 
countries. On the other hand, Barr and Priestley (2004) conclude that national markets are only 
partially integrated into world markets. Dahlquist and Hasseltoft (2013) reckon that both local and 
global factors predict the international bond markets returns. “The global factor is closely linked to 
US bond risk premia and international business cycles”. Since we construct the portfolio by the US 
treasury bonds, it is unnecessary for us to consider the global bond markets. Besides, Longstaff et 
al. (2006) employ stock market factors such as the market return, HML, and UMD factors 
introduced by Fama and French (1993). Actually, other than the Fama and French (1993) paper, 
there are many other studies on the relationship between the stock and the bond markets. For 
example, Campbell (1987) states that the terms-structure of the interest rate can help predict the 
stock market excess returns. Campbell and Taksler (2003) studied the relationship between the 
equity volatility and the corporate bond yields. Based on these studies, it is still necessary for us to 
include the stock market-related factors into the research. Other than the stock market factors, we 
use the calculated excess return from the fitted yield curve mentioned before as the proxy for the 
treasury market risk. Finally, in order to control the default risk, we add a US AAA-rated corporate 
bond excess return. We regress the carry return over those market factors to see the relationship 
between them.  
      As a result, we found that the carry strategy on the US treasury bond market can be largely 
explained by the 5-year and 30-year treasury bond returns, and the US AAA-rated corporate bond 
returns. The strategy has no exposure to the stock market. However, the returns have exposure to 
the default risk, which is controlled by the US AAA-rated corporate bond returns. This result shows 
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that investors should be careful that when the investment grade bond market suffers, the treasury 
market may also not perform well because of the correlation even the treasury market is theoretically 
safer than the corporate bond market. On the other hand, although the strategy allocates the capital 
based on the carry factor, and the long and short position differs with the changing of time, the 
return can still be fully explained by the 5-year and 30-year bond returns. That is, with the time 
changing, there is a trend in the capital allocation of the strategy that mainly the 5-year bonds are 
heavily shorted, and the 30-year bonds are heavily longed. That results the carry strategy on treasury 
bonds looks like a yield flattening trading which already exists. Finally, the investors should be very 
careful that this trading strategy is similar to the yield curve flattening trade. The goal of this strategy 
is to seek the return which is not from to the price change, as the carry factor is calculated under the 
assumption of an unchanged yield curve over time. However, the strategy is de facto assuming that 
the yield curve will be flatten in the future and generates returns from that prediction. Accordingly, 
the strategy is exposed to the same duration risk as a yield curve flattening trade strategy. 
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2. Carry 
      The return of any security can be divided into two components: Expected return and unexpected 
return. The latter, which is also called “unexpected price appreciation,” is due to the impact of the 
market shock. Further, the expected return is composed by the “Carry” and the expected price 
appreciation.  
𝑅𝑒𝑡𝑢𝑟𝑛 = 𝐸𝑥𝑝𝑒𝑑𝑡𝑒𝑑 𝑅𝑒𝑡𝑢𝑟𝑛 + 𝑈𝑛𝑒𝑥𝑝𝑒𝑐𝑡𝑒𝑑 𝑅𝑒𝑡𝑢𝑟𝑛 
𝐸𝑥𝑝𝑒𝑐𝑡𝑒𝑑 𝑅𝑒𝑡𝑢𝑟𝑛 = 𝐶𝑎𝑟𝑟𝑦 + 𝐸𝑥𝑝𝑒𝑐𝑡𝑒𝑑 𝑃𝑟𝑖𝑐𝑒 𝐴𝑝𝑝𝑟𝑒𝑐𝑖𝑎𝑡𝑖𝑜𝑛 
      In the context of fixed-income investment, a carry usually consists the following two 
components: The yield premium, which is defined as the difference between the yield of the bond 
and the yield of the risk-free rate, and the roll-down return, which is described as the return caused 
by the re-valuation of the bond’s future cash flow after a defined investment period, or simply 
speaking, the return produced by the early selling of the bond. 
𝐶𝑎𝑟𝑟𝑦 = 𝑌𝑖𝑒𝑙𝑑 𝑃𝑟𝑒𝑚𝑖𝑢𝑚 + 𝑅𝑜𝑙𝑙𝐷𝑜𝑤𝑛 𝑅𝑒𝑡𝑢𝑟𝑛 
      Under the discourse of fixed-income investment, the price movement is usually due to the 
movement of the yield curve which can be measured by the duration and the curvature. However, 
the carry, which is led by holding the bond within a period, is considered to be an embedded return 
and has a relatively low-risk exposure compared with the other part of the return. Generally speaking, 
if an investor holds a bond within a period, no matter whether he eventually sell it or not, he only 
faces the following two risks: the default risk which is the probability of the issuer failed to pay the 
coupon and the principal on time, and the reinvestment risk which is defined as the probability of 
not able to meet the yield requirement with the holding period cash flow. Consequently, such a low-
risk character makes the carry-based investment popular among most institutional investors such as 
pension fund, banks, insurance companies, etc.  
2.1 A more precise carry definition with future contract 
      Koijen et al. (2017) developed a universal investment strategy “Carry” based on the concept of 
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carry which can be applied to most of the common investment vehicles such as stocks, bonds, 
commodities, etc. According to Koijen et al. (2017), the “Carry” is defined by the future contract. 
At any time t, a future contract that matures at t + 1 has a price of 𝐹𝑡 with the underlying asset priced 
at 𝑆𝑡. Assume 𝑋𝑡 is the amount of capital the investor needed to finance the investment. In the next 
period of time, t+1, the value of the margin capital and the future contract become 𝑋𝑡(1 + 𝑟𝑡
𝑓) +
𝐹𝑡+1 − 𝐹𝑡, where 𝑟𝑡
𝑓
 is the risk-free rate. Thereupon, the holding period return is 
𝑟𝑡+1
𝑡𝑜𝑡𝑎𝑙 𝑟𝑒𝑡𝑢𝑟𝑛 =
𝑋𝑡(1 + 𝑟𝑡
𝑓) + 𝐹𝑡+1 − 𝐹𝑡
𝑋𝑡
=
𝐹𝑡+1 − 𝐹𝑡
𝑋𝑡
+ 𝑟𝑡
𝑓
 
      Move 𝑟𝑡
𝑓
 to the left-hand side, the excess return with the risk-free rate subtracted is 
𝑟𝑡+1 =
𝐹𝑡+1 − 𝐹𝑡
𝑋𝑡
. 
      This formula can be interpreted as the return of the future contract under a certain capital 𝑋𝑡 
during the period from t to t+1. The carry, by definition, is the return when the price of the 
underlying asset doesn’t change. For this reason, if we assume the spot price 𝑆𝑡 doesn’t change 
(𝑆𝑡+1 = 𝑆𝑡) and at maturity, the future price equals to the future spot price (𝐹𝑡+1 = 𝑆𝑡+1), the carry 
can be written as: 
𝐶𝑡 =
𝑆𝑡 − 𝐹𝑡
𝑋𝑡
. 
      Following the literature, in this paper, we use a fully collateralized position, meaning that the 
capital 𝑋𝑡 is equal to the future price 𝐹𝑡. Thus, the carry can be re-written as 
𝐶𝑡 =
𝑆𝑡 − 𝐹𝑡
𝐹𝑡
. 
2.2 Carry for fixed-income securities 
      Following the literature of Koijen et al. (2017), the carry for fixed-income securities can be 
defined as 
𝐶𝑡
τ =
𝑆𝑡
τ−1 − 𝐹𝑡
τ
𝐹𝑡
τ , 
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      𝐶𝑡
τ is the carry at time t for a fixed-income security with τ time periods to maturity.  
      𝐹𝑡
τ is the price of the future contract with the underlying asset has τ periods to maturity and 
delivery is next period. 
      𝑆𝑡
τ−1 is the spot price of that fixed-income security with τ-1 periods to maturity.  
      Nontheless, when it comes to the practice, liquid bond futures are only traded in a limited 
number of countries and, even in the market where the liquid bond futures exist, typically only the 
first-to-expire contract is liquid. So, a synthetic future price is employed based on the fitted yield 
curve by Federal Reserve. In the Koijen et al. (2017) literature, they use the zero-coupon bonds to 
calculate the carry 
𝐶𝑡
τ =
(1 + 𝑦𝑡
𝜏)𝜏
(1 + 𝑟𝑓)(1 + 𝑦𝑡
𝜏−1)𝜏−1
− 1 
       𝑦𝑡
𝜏 is the yield of a zero-coupon bond with τ periods to maturity at time t. Then, the spot price 
is 𝑆𝑡
τ =
1
(1+𝑦𝑡
𝜏)𝜏
. The future price is 𝐹𝑡
τ = (1 + 𝑟𝑓)𝑆𝑡
τ. 
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3. Construct a treasury carry trade portfolio 
      In this paper, we construct a carry trade portfolio following the literature of Koijen et al. (2017) 
that goes long the high-carry securities and short the low-carry securities.  
3.1 Data 
      In Gurkaynak et al. (2006), they provide a continuously updated and daily based yield curve 
data from 1961 to present. The maturities range from one-year to thirty-year. We choose the time 
period from 1990 to 2018 because of the constraints on the explanatory data available. 
 
Figure 1 
       Besides, they also provide the parameters to calculate bond with any maturities, which is helpful 
to calculate the carry. 
3.2 Carry Calculation 
      In this paper, we use all the data with a monthly based measure. As is explained above, the carry 
calculation of a treasury bond is given by 
𝐶𝑡 =
𝑆𝑡
𝐹𝑡
− 1 =
1
(1 + 𝑦𝑡
𝜏−1)𝜏−1
1 + 𝑟𝑓
(1 + 𝑦𝑡
𝜏)𝜏
− 1 =
(1 + 𝑦𝑡
𝜏)𝜏
(1 + 𝑟𝑓)(1 + 𝑦𝑡
𝜏−1)𝜏−1
− 1 
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      In this paper, the fitted yield curve is assumed to be continuously compounded. Therefore, the 
formula should be modified as follows: 
𝐶𝑡
τ =
exp (−𝑦𝑡
𝜏 ∗ 𝜏)
exp (
𝑟𝑓
12)exp (−𝑦𝑡
𝜏−1 ∗ (𝜏 − 1))
− 1 
      The yield data at time “τ-1” is calculated with the parameter given by the Gurkaynak et al. (2006). 
The following formula is employed: 
𝑦𝑡(𝑛) = 𝛽0 + 𝛽1
1 − exp (−
𝑛
𝜏1
)
𝑛
𝜏1
+ 𝛽2[
1 − exp (−
𝑛
𝜏1
)
𝑛
𝜏1
− exp (−
𝑛
𝜏1
)] + 𝛽3[
1 − exp (−
𝑛
𝜏2
)
𝑛
𝜏2
− exp (−
𝑛
𝜏2
)] 
      Where 𝑦𝑡(𝑛) is the yield at time t with maturity n. 𝛽0, 𝛽1, 𝛽2, 𝜏1, and 𝜏2 are the parameters 
given.  
      For example, the carry of a 15-year bond at time t is calculated with the yield of that 15-year 
bond at time t and the yield of 14-year-11-month bond at the same time: 
𝐶𝑡
τ =
exp (−𝑦𝑡
15 ∗ 15)
exp (
𝑟𝑓
12)exp (−𝑦𝑡
14+11/12
∗ (14 + 11/12))
 
𝑦𝑡 (14 +
11
12
) = 𝛽0 + 𝛽1
1 − exp (−
14 + 11/12
𝜏1
)
14 + 11/12
𝜏1
+ 𝛽2[
1 − exp (−
14 + 11/12
𝜏1
)
14 + 11/12
𝜏1
− exp (−
14 + 11/12
𝜏1
)] + 𝛽3[
1 − exp (−
14 + 11/12
𝜏2
)
14 + 11/12
𝜏2
− exp (−
14 + 11/12
𝜏2
)] 
      By this way, the carry of each day dan each bond can be calculated. For the convenience of 
research, we studied the investment strategy on a monthly basis. 
3.3 Portfolio Construction 
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3.3.1 Weight Scheme 
      The investing period is from Jan 1990 to April 2018. The way to construct the portfolio is to 
long the bonds with a high carry and short the bonds with a low carry. By following the literature 
of Koijen et al. (2017),we employed a rank-based weighting scheme to allocate the investment of 
each period.  
𝑤𝑡
𝑖 = 𝑧𝑡[𝑟𝑎𝑛𝑘 (
𝐶𝑡
𝑖
𝐷𝑡
𝑖) −
𝑁𝑡 + 1
2
] 
      Where 𝐶𝑡
𝑖 is the carry of bond i at time t,  
      𝐷𝑡
𝑖 is the duration of bond i at time t. In this case, the bond duration is equal to the time to 
maturity of the bond 
      𝑁𝑡 is number of the bond at time t. In this paper, we assume there are in all 29 bonds to invest, 
      𝑟𝑎𝑛𝑘(𝐶𝑡
𝑖) is the function that rank the of each time period from large to small, 
      𝑧𝑡 is a scalar that ensures sum of the long and short positions equal to 1 and -1. 
      According to Asness et al. (2013), the resulting portfolios of this weighting scheme are highly 
correlated with other zero-cost portfolios that use different weights. 
      By using data of each month-end, we calculated the weight of each month-end. With that data, 
we can rebalance the portfolio monthly. Technically, in this paper, we calculated the weight of each 
month and then multiply them by the return of each month. 
3.3.2 Bond Return 
      The data provided by Gurkaynak et al. (2006) is the daily based yield of treasury bond with the 
range of maturity from year-1 to year-30. Hence, calculation is required to get the return results. 
According to the Gurkaynak et al. (2006) paper, the synthetic bond is continuously compounded. 
Thus, the pricing formula is slightly different from the normal one: 
𝑃𝑡 = 𝑒
−𝑟𝑇 
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      Where the r is the fitted yield, 
      T is the maturity of the bond. 
      Once we have the price of each bond, we can calculate the bond return. 
𝑅𝑡+1 =
𝑃𝑡+1 − 𝑃𝑡
𝑃𝑡
 
      With the return of each day, we can calculate the monthly return. In this paper, we calculate the 
monthly return by the geometric mean. 
𝑅𝑚𝑜𝑛𝑡ℎ𝑙𝑦 =  √(1 + 𝑅1)(1 + 𝑅2) … …（1 + 𝑅𝑛）
𝑛
− 1 
3.3.3 Rebalance 
      After calculating the bond returns, we multiply the monthly return by the monthly carry weight 
and sum the return of the 29 bonds in terms of the weight. After the calculation, we get the monthly 
return of the strategy. This is the same as rebalance the portfolio on a monthly basis: We calculate 
the carry weight at the very beginning, Jan. 31st, 1990 in this case, and then construct the portfolio 
based on the carry weight. After one month of investing, we then calculate a new carry weight at 
the end of the next month, which is Feb. 28th, 1990. Under the same logic, we invest with the carry 
weight for a new month. The portfolio is continuously rebalanced until the last month, April of 2018. 
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4. Summary of the Portfolio Return 
      For comparison, we calculated the return of the equal weighted portfolio. 
Carry and EW 
Statistics 
    
Return_Carry   Return_EW  
Min.    -10.94%  Min.    -8.03% 
1st Qu. -1.08%  1st Qu. -1.14% 
Median  0.14%  Median  0.22% 
Mean    0.19%  Mean    0.14% 
3rd Qu. 1.49%  3rd Qu. 1.40% 
Max.    9.70%  Max.    10.04% 
Stdev 2.31%  Stdev 2.07% 
Sharpe Ratio 8.34%  Sharpe Ratio 6.90% 
Table 1 
 
Figure 2 
      Here above are the summary statistics of both the carry strategy returns and the equal weighted 
portfolio returns. By equal weighted, we mean that we invest in all the 29 bonds with a same amount 
of money.  
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      As we can see from both the graph and the summary statistics, although the mean return of the 
carry portfolio is slightly higher (less than 1%) than that of the equal weighted portfolio, the Sharpe 
Ratio of the carry portfolio is way higher than that of the equal weighted portfolio.  
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5. Risk Decomposition 
       In the Longstaff et al. (2007) paper, the authors examine a bunch of fixed-income arbitrage 
strategies including the yield curve arbitrage, the swap spread arbitrage, the mortgage arbitrage, the 
volatility arbitrage and the capital structure arbitrage. They regressed the excess returns of those 
fixed-income arbitrage strategies on a lot of systematic market factors. They employed the following 
risk factors: the excess return of the Fama and French (1993) market, small-minus-big (SMB), high-
minus-low (HML) and up-minus-down (UMD) portfolios. The excess on the S&P500 bank stock 
index, and the excess return of the CRSP Fama portfolio of 2-year, 5-year, and 10-year treasury 
bond portfolios. The excess return of the A/BAA rated industrial and bank bonds indices. As a result, 
they controlled the stock market risk, the bond market risk, and the default risk. Although the 
strategies they examined are all invested in the fixed-income world, they still used factors that stand 
for the stock market risk. According to the Fama and French (1992), the stock returns are linked to 
the bond returns through shared variation in the bond-market factors. That is, even a pure invest in 
the fixed-income securities, the investors may also have exposure on the stock market risk due to 
the linkage between the two markets. Thus, it is also necessary for our research to include the stock 
market risk factors into the study even our strategy is purely invested on the treasury bonds.  
5.1 Data Explanation 
      By following the literature of the Longstaff et al. (2007), we employ the following risk factors: 
For the stock market risk, we employ the Fama and French (1993) market, small-minus-big (SMB), 
and the high-minus-low (HML) portfolios’ excess returns. For the treasury bond market risk, 
because of the limited data access, we use the fitted yield curve data provided by Gurkaynak et al. 
(2006). Specifically, we use the excess return of the 5-year bond and the excess return of the 30-
year bond according to the carry weight diagram, from which we can almost conclude that the 
strategy is basically taking a short position on the 5-year bonds and a long position on the 30-year 
bonds.  
      Finally, for the default risk, we employ the excess return calculated from the Merrill Lynch U.S. 
AAA corporate bond total return index. The data is based on the Merrill Lynch Bond Indices as 
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published on www.cbonds.info. We employ the return calculation method mentioned earlier in this 
paper to calculate the return of the index and then subtract the risk-free rate from the return to get 
the excess return. The reason to choose the AAA corporate bond rather than other bonds or 
simultaneously use all the corporate bond index from AAA to CCC is that firstly, the AAA rated 
corporate bond investors and issuers are much more actively participated in the treasury market than 
the rest rated bond investors and issuers. Moreover, since the different rated corporate bonds are 
highly correlated with each other, if we employ more than one indices in the analysis, a serious 
multicollinearity problem will occur. As a result, the standard deviation estimated will be larger 
than it supposed to be and thus affect the reliability of the analysis. There are ways other than just 
delete variables to deal with the multicollinearity problem. For example, the ridge regression, a way 
to estimate the parameters with the data which have multicollinearity problem. However, this 
method is not suitable for our research because what we need is the significance of each explanatory 
variable rather than just the coefficient. What’s more, the ridge regression is commonly employed 
to solve the too large coefficient problem under the multicollinearity. In our analysis, even with a 
high multicollinearity, the coefficients are not large at all. Accordingly, the best way is to only use 
the US AAA rated corporate index to conduct the analysis. 
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5.2 Methodology 
      By following the literature of Longstaff et al. (2007), we employ the multi-variable linear 
regression method to analyse decompose the un-explainable alpha of the carry strategy on the 
treasury securities. Regarding to the parameter estimating, we employ the famous least squares 
approach to fit the regression line. 
      Suppose the linear function is 
𝑦 = 𝑋𝑏 + 𝜖 
      In matrix format: 
[
𝑦1
𝑦2
⋮
𝑦𝑛
] = [
𝑥11
𝑥21
⋮
𝑥𝑛1
𝑥12
𝑥22
⋮
𝑥𝑛2
…
…
⋱
…
𝑥1𝑘
𝑥2𝑘
⋮
𝑥𝑛𝑘
] ∗ [
𝑏1
𝑏2
⋮
𝑏𝑘
] + [
𝜖1
𝜖2
⋮
𝜖𝑛
] 
      Minimize the sum of 𝜖𝑖: 
𝜖′𝜖 = [𝜖1 𝜖2  … 𝜖𝑛] [
𝜖1
𝜖2
⋮
𝜖𝑛
] = ∑ 𝜖𝑖
2
𝑛
𝑖=1
 
      Then, 
min
𝑏
𝜖′𝜖 = (𝑦′ − 𝑋𝑏)′(𝑦 − 𝑋𝑏) 
min
𝑏
𝜖′𝜖 = (𝑦′ − 𝑏′𝑋′)(𝑦 − 𝑋𝑏) 
min
𝑏
𝜖′𝜖 = 𝑦′𝑦 − 𝑏′𝑋′𝑦 − 𝑦′𝑋𝑏′ + 𝑏′𝑋′𝑋𝑏 
min
𝑏
𝜖′𝜖 = 𝑦′𝑦 − 2𝑏′𝑋′𝑦 + 𝑏′𝑋′𝑋𝑏 
      Differentiate the last two terms in the last equation, 
1.
∂𝑏′𝑋′𝑦
𝜕𝑏
= 𝑋′𝑦 
2.
𝜕𝑏′𝑋′𝑋𝑏
𝜕𝑏
= 2𝑋′𝑋𝑏 
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      Then, 
𝜕(𝜖′𝜖)
𝜕𝑏
= −2𝑋′𝑦 + 2𝑋′𝑋𝑏 = 0 
𝑋′𝑋𝑏 = 𝑋′𝑦 
      Finally, 
𝑏 = (𝑋′𝑋)−1𝑋′𝑦 
      Here above is the most common used way to calculate the coefficient by OLS. In this paper, we 
use the statistical software “R”, in which the function of linear regression is lm( ). The least squares 
method is employed in the function lm( ).  
      By following the literature of Longstaff et al. (2007), we set up the following regression function: 
𝐶𝑎𝑟𝑟𝑦𝑅𝑒𝑡𝑢𝑟𝑛𝑡 = 𝑏0̂ + 𝑏1̂𝑅𝑀𝑡 + 𝑏2̂𝑆𝑀𝐵𝑡 + 𝑏3̂𝐻𝑀𝐿𝑡 + 𝑏4̂𝑅𝐴𝐴𝐴𝑡 + 𝑏5̂𝑅5𝑡 + 𝑏6̂𝑅30𝑡  
      Where the “CarryReturn” is the return of the carry strategy portfolio calculated by the method 
discussed earlier.] 
      The “MarketReturn”, the SMB, and the HML are the Fama French factor-based portfolio excess 
returns.  
      The “AAARatingReturn” is the excess return calculated from the Merrill Lynch US AAA rated 
corporate bond return index. 
      The “Return_Yr5” and the “Return_Yr30” are the 5-year and the 30-year treasury bond excess 
returns. 
      However, to get an unbiased result, there are some issues to be solved before we start a 
regression. 
5.2.1 Stationary 
      Stationary is the foundation of time series analysis. Un-stationary data may also have some 
common trends occasionally, but there are not direct relationships among those data. If we conduct 
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the regression analysis on those data, we may get a result with a high R2, but the regression itself 
will be meaningless. 
       According to Tsay (2010), there are two types of stationaries. If the joint distribution 
(𝑟𝑡1 , 𝑟𝑡2 , … , 𝑟𝑡𝑘) of a time series {𝑟𝑡} is identical to that of (𝑟𝑡1+𝑡 , 𝑟𝑡2+𝑡 , … , 𝑟𝑡𝑘+𝑡) for all t, and k can 
be any positive integer, the time series {𝑟𝑡} is said to be strictly stationary. That is to say, under 
strictly stationary, the joint distribution (𝑟𝑡1 , 𝑟𝑡2 , … , 𝑟𝑡𝑘) should remain unchanged during the change 
of time. But this is a strong condition and difficult to be examined empirically. Usually, we assume 
a weak form stationary, which requires the mean and the covariance between 𝑟𝑡 and 𝑟𝑡+𝑚 of a time 
series {𝑟𝑡} are unchanged with the time changing. Similarly, the integer m is also a positive number. 
More specifically, if {𝑟𝑡} is weakly stationary, then the expectation of {𝑟𝑡}, the E(𝑟𝑡) should be a 
constant. E(𝑟𝑡 )=C, where C is a constant. At the same time, Cov(𝑟𝑡 , 𝑟𝑡+𝑚)=𝛾𝑚 , which is only 
dependent on m. In practice, if we assume that we have observed T data points {𝑟𝑡| t=1,2,…,T }, 
the weakly stationary suggests that the plotted data would show that the T values volatile with 
constant variation around a fixed level. Therefore, we are able to make prediction with weakly 
stationary data. 
      In this paper, we employ the Augmented Dickey-Fuller Test to check whether the data are 
stationary or not. The null hypothesis is that there is a unit root in the time series data. The alternative 
hypothesis is that the data is stationary. In R, the function is adf.test( ) in the “tseries” package. After 
testing, all the data we used are stationary and the null hypothesis are rejected.  
5.2.2 Serial Correlation 
      A serial correlation means that the residual variables are related to each other. Under a serial 
correlation, the estimated standard deviation will be affected, and the result of the estimation will 
be flawed. If there is a positive correlation, the estimated standard deviation will be smaller than it 
supposed to be and thus the t-value will be larger. On that account, the Type-I error will happen. On 
the other hand, if it is a negative correlation, the estimated standard deviation will be larger than the 
correct value and in turn, the t-value is smaller. Thus, the Type-II error happens.  
      In order to wipe out the serial correlation problem, we employ the Durbin-Watson Test to 
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examine whether there is a serial correlation in the regression.  The Durbin-Watson test is conducted 
by calculating the Durbin-Watson statistic: 
𝑑 =
∑ (𝑒𝑡 − 𝑒𝑡−1)
2𝑇
𝑡=2
∑ 𝑒𝑡
2𝑇
𝑡=1
 
Where 𝑒𝑡 is the value of residual variable observed at time t. 
T is the number of observations. 
Besides, the Durbin-Watson statistic is usually approximately estimated by the formula 
𝑑 = 2(1 − 𝑟) 
      Where r is the sample autocorrelation of the residuals. When the value of d is around 2, there is 
no serial correlation. If d is smaller than 1.15 and larger than 2.85, there is a serial correlation 
problem in the regression. In R, we use the function dwtest( ) from the package “lmtest”. As a result, 
there is no serial correlation problem in the regression. 
5.2.3 Heteroskedasticity 
      Another problem which may cause the failure of the regression is the heteroskedasticity. In the 
assumption of linear regression, the residual terms should have identical variance. If it is not the 
case, the regression may be flawed. There are two different types of heteroskedasticity, the 
conditional heteroskedasticity and the unconditional heteroskedasticity. The latter is easy to predict 
and is often found in the cyclical variables. The former is, nevertheless, unpredictable and fatal. If 
there is a conditional heteroskedasticity problem, the estimated standard error may be not reliable. 
      In this paper, we employed the Breusch-Pagan test to check whether there is heteroskedasticity 
problem in the regression. The logic of the test is to regress the residual variable over the explanatory 
variable to see whether there are linear correlations between them. In R, we use the bptest( ) function 
from the “lmtest” package to examine the heteroskedasticity problem. 
      By conducting the B-P test, there is a heteroskedasticity in the regression. Thus, we employ the 
Newey-West method to solve the problem. Other than the N-W method, there are several other 
methods to solve the heteroskedasticity problem. The most commonly used one would be the 
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Generalized Least Squares method, which is an extension of the ordinary least squares method and 
specialized in the heteroskedasticity problem. However, even conduct the regression by the GLS 
method, there is still a heteroskedasticity problem in it. Thus, rather than change the method of 
estimation, we use a robust standard error as a supplementary to conduct the OLS estimation. That’s 
the reason we employ the N-W method.   
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6. Results 
Regression Results 
 Dependent Variable 
 Carry Returns 
 OLS Newey-West 
   
 (1) (2) 
Rm 0.01482 0.01482 
 (0.00931) (0.01118) 
SMB 0.00483 0.00483 
 (0.01190) (0.01051) 
HML 0.00141 0.00141 
 (0.01272) (0.01004) 
RAAA 0.04016*** 0.04016*** 
 (0.00394) (0.00733) 
R30 0.02855*** 0.02855*** 
 (0.00067) (0.00116) 
R5 -0.02806*** -0.02806*** 
 (0.00414) (0.00680) 
Constant -0.00138 -0.00138 
 (0.00041) (0.00046) 
Observations 327   
R 0.92083  
Adjusted R 0.91935  
Residual  
Std. Error 
0.00657 (df = 320)  
F Statistic 620.34170 (df = 6; 320)   
Note:  *p<0.1; **p<0.05; ***p<0.01 
      This consolidated table includes two terms: the regression result calculated by the OLS method 
mentioned before and the Newey-West improved result for the heteroskedasticity problem. As we 
can see from the table, the following three terms are significant under a 1% significant level: the US 
AAA-rated corporate bond return, the excess return of the 30-year treasury bond, the excess return 
of the 5-year treasury bond, and the constant term. The significance doesn’t change after adjusted 
for the heteroskedasticity problem. 
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Figure 3 
      From the table above, we can conclude that the return of the strategy is largely explained by the 
investment-grade market factor and the 5- and 30-year treasury bond factors. It is unsurprising that 
the return of the strategy can be explained by the two treasury returns because the strategy is not 
intended to long and short a predetermined bond, rather, the long and short positions are various 
with the change of time; However, there still is a tendency to invest in 30-year bonds with a long 
position and in 5-year bond with a short position as we can see from the figure 3, which is the 
average weight of the position across the time. More precisely, the short positions in the less-than-
15-year-maturity side are varied while the long positions show a trend of “the longer the maturity, 
the more to buy”. That kind of trading strategy is like the curve flattening trade. As a result, the 
investment strategy based on carry factor can be viewed as a strategy which includes an assumption 
that investors predict the yield curve will be flattener in the future, even though we assume the yield 
curve will not change when calculating the carry factors. Besides, although the investment, which 
is purely focusing on the treasury market, has nothing to do with the corporate bond market, the 
effect from the US AAA-rated corporate bond market is significant. Since we exclude the other 
investment-grade corporate bonds to avoid the multicollinearity problem, we can conclude that the 
investors are taking the default risk from the investment grade corporate bond markets. Finally, the 
return from the carry strategy is still not fully explained as the constant term is significant.   
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7. Conclusion 
      In the Koijen et al. (2017) paper, the authors extended the concept of the carry trade which is 
traditionally employed by the FX market traders to a much broader context. That is, by discussing 
the meaning of carry, the yield premium embedded in the security, and by calculating the carry 
through a future-based method, the authors invented a trading strategy based on the carry factor. In 
that paper, the carry strategies implicated among different markets all successfully generated 
unexplainable alphas. In the Beekhuizen et al. 2017 paper, they also discussed the carry strategy in 
the fixed income market and were not able to explain the alpha generated by the strategy either. In 
this paper, we employ the same research paradigm used in Longstaff et al. (2007), by which they 
successfully decomposed the abnormal return in the various fixed-income arbitrage strategies with 
a wide range of market factors. Similarly, we also employ the stock market factors, the treasury 
market factors and the default risk factors to decompose the abnormal return generated by the carry 
strategy applied in the treasury market. As a result, the return of the carry strategy is voluminously 
decomposed by the 5-year and 30-year treasury bonds, and the US AAA-rated corporate bond 
returns. That leads to the conclusion that despite the fact that investors employ the carry strategy to 
go after the return other than the movement of the yield curve, aka the price change of the securities, 
the risk structure of the return implies that the strategy generates revenue by assuming that the yield 
curve will flatter in the future. Moreover, since the treasury carry strategy is technically similar to 
a curve flattening trade, the risks are also identical. With the heavy short positions on the short 
maturity bonds and long positions on the long maturity bonds, the strategy is particularly sensitive 
to the 5-year and 30-year interest rates. Especially when the yield curve goes steepening, which is 
likely to happen in a growing economy, the strategy may face a significant challenge. On the other 
hand, although investors may think that investing in the treasury may be an excellent way to avoid 
the default risk, they do have exposure in the default risk, at least the investment grade level default 
risk. This may become a good sign to the investors that they should be careful on the movements of 
the corporate bond market even they de facto invest in the treasury market particularly when the 
economy is overheat and the term structure of the interest rate begins to rise. 
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